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The hydrolysis of 3 distinct substrates by cathepsin E from human red blood cells and gastric mucosa was measured 
in the presence and absence ofphysiologically relevant concentrations of ATP. At pH values below about 5.0, the nucleo- 
tide was without effect. However, at pH 5.8, whereas cathepsin E was virtually inactive by itself, it was restored to full 
activity (k~O by ATP and the non-hydrolysable m thylene-ATP analogue. At still higher pH values, k~t progressively 
diminished but significant levels of cathepsin E activity were readily detectable at pH 7.0. The specificity of this stabilisa- 
tion effect was examined. 
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1. INTRODUCTION 
Cathepsin E is an aspartic proteinase that has an 
Mr of around 80000 [1,2], approximately double 
that of archetypal aspartic proteinases [3]. 
However, in common with the other enzymes, its 
catalytic activity (kcat) diminishes ignificantly at 
pH values above pH 5.0 [1]. The distribution and 
physiological function(s) of this proteinase are far 
f rom clear. It is present in human gastric mucosa 
(wherein it has been termed slow moving pro- 
teinase [4]) where it has an apparent cytoplasmic 
localisation by immunohistochemistry [5] and in 
human erythrocytes where it is associated with the 
membrane of the cell (and has thus been termed 
the erythrocyte membrane aspartic proteinase 
(EMAP) [61). 
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Catabolism of proteins within cells requires 
ATP (e.g. [7,8]) and particularly within the red 
blood cell [9,10]. ATP has been reported to have 
a small activating effect upon the lysosomal aspar- 
tic proteinase, cathepsin D [11]. Consequently, it
was considered of interest to examine whether 
ATP had any effect upon cathepsin E (and par- 
ticularly the enzyme (EMAP) obtained from the 
red blood cell). 
2. MATERIALS AND METHODS 
Cathepsin E from human red blood cells (EMAP) and from 
human gastric mucosa (SMP) and cathepsin D were obtained as 
described [1,12]. The synthetic hromogenic substrates Lys- 
Pro-Ile-Glu-Phe-Nph-Arg-Leu and Pro-Pro-Thr-Ile-Phe-Nph- 
Arg-Leu were synthesised and kinetic parameters (Kin, keat) for 
their hydrolysis at a variety of pH values but at constant ionic 
strength (a = 0.1 M) were determined asdescribed [13,14]. ATP 
and other ligands were included at appropriate concentrations 
when required. [3H]Casein was prepared as described [15]. 
3. RESULTS AND DISCUSSION 
Kinetic parameters for the hydrolysis of Pro- 
Pro-Thr-I le-Phe-Nph-Arg-Leu (table 1A) and Lys- 
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Table 1 
Effect of  ATP on the turnover number (kcat) for the hydrolysis 
of  Pro-Pro-Thr-I le-Phe-Nph-Arg-Leu (A) and Lys-Pro-Ile-Glu- 
Phe-Nph-Arg-Leu (B) by cathepsin E from erythrocyte 
membranes at various pH values 
pH kcat (s- t) 
- ATP + ATP 
(6.25 raM) 
A 
4.5 36 39 
5.0 47 31 
5.4 11 39 
5.8 - 0 40 
6.2 -0  16 
6.6 -0  11 
7.0 -0  <5 
B 
4.5 76 77 
5.0 54 77 
5.4 26 72 
5.8 - 0 56 
Reactions were carried out at 37°C in sodium acetate or MES 
buffers of the indicated pH value (but with/~ always adjusted 
to 0.1 M by the addition of  NaC1 as appropriate). The progress 
of each reaction was monitored at 300 nm. The estimated 
precision of the values obtained was always in the range of 
5-10% (except at pH 7.0) 
Pro-Ile-Glu-Phe-Nph-Arg-Leu (table 1B) by 
cathepsin E from erythrocyte membranes were 
determined at a variety of pH values. We have 
reported previously that over the pH range 3-4.5, 
the rate constants (kcat) for the hydrolysis of these 
two substrates by cathepsin E are invariant [1]. 
Consequently, in the present investigation, values 
for kcat are reported only at pH 4.5 and above. As 
described previously, above pH 4.5-5.0, kcat 
values for both substrates diminished substantially 
so that at pH 5.8, with the amounts of enzyme 
used for this assay, the rates of substrate cleavage 
were so low as to render catalysis essentially zero. 
(The Km values obtained at all pH values did not 
appear to alter significantly so that they will not be 
considered further.) 
Inclusion of ATP in the assays at a concentra- 
tion (6.25 mM) approximating that within cells 
had no effect on the kcat values of the enzyme with 
either substrate at low pH values (e.g. pH 4.5). By 
contrast, as the pH was raised above pH 5.0, a 
dramatic stabilisation of the enzyme was observed 
such that at pH 5.8, virtually full expression of the 
catalytic efficiency of the enzyme was observed in 
the presence of ATP. As the pH was raised even 
higher, the kcat values measured against Pro-Pro- 
Thr-Ile-Phe-Nph-Arg-Leu began to diminish 
steadily (table 1A) but, nevertheless, ignificant 
levels of the aspartic proteinase activity were still 
readily detectable at pH 7.0. Unfortunately, the 
molar extinction change observed upon cleavage of 
the Phe-Nph bond in the substrate becomes pro- 
gressively smaller with rising pH, making precise 
measurements increasingly more difficult o obtain 
at the higher pH values (especially at pH 7.0). Con- 
siderable amounts of enzyme have to be added so 
that these experiments were not repeated at the 
highest pH values with the Lys-Pro-Ile-Glu-Phe- 
Nph-Arg-Leu substrate. However, with the Pro- 
Pro-Thr-Ile-Phe-Nph-Arg-Leu substrate (table 
1A), the extent of cleavage (e.g. at pH 7.0) was 
monitored in a different manner by observing the 
appearance of the expected hydrolysis fragments 
(Pro-Pro-Thr-Ile-Phe and Nph-Arg-Leu) by 
reversed phase FPLC (not shown). From the rates 
thus obtained, a kcat value was estimated which 
was consistent with the approximate value includ- 
ed in table 1A (from the spectrophotometric 
measurements). 
Since the maximum stabilisation effect was 
observed at pH 5.8, this pH was selected for fur- 
ther investigations. That the effect was unrelated 
to the substrate was demonstrated bythe identical 
results obtained with the two different 
chromogenic peptide substrates and also when 
[3H]casein was utilised as a protein substrate. For 
the latter, the activities measured at pH 5.8 were 
600 cpm/h per /zg enzyme (without ATP) and 
20000 cpm/h per/zg (+ 6.25 mM ATP), respec- 
tively. At pH 5.0, a much smaller difference was 
observed between the activities measured without 
(16000) and with 6.25 mM ATP (42000 cpm/h per 
/zg), just as observed with the peptide substrates. 
The affinity constant of ATP for the erythrocyte 
membrane cathepsin E was 15 mM (fig.l). 
In order to determine the specificity of this 
stabilisation effect, the influences of other ligands 
on the enzyme were measured at pH 5.8. 
Adenosine, (sodium)triphosphate (at a concentra- 
tion which produced an ionic strength equivalent 
to that obtained with 6.25 mM ATP - to ensure 
that this effect was not produced by an altered 
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Fig. 1. Determination f the binding constant of ATP at pH 5.8 
for cathepsin E from erythrocyte membranes. ATP was 
introduced at increasing, concentrations i to reaction cuvettes 
containing cathepsin E and the peptide substrate, Lys-Pro-Ile- 
Glu-Phe-Nph-Arg-Leu in 0. I M sodium acetate buffer, pH 5.8. 
Reaction rates (v) were determined from the decrease in 
absorbance at300 nm. 
ionic strength), ADP and 2,3-diphosphoglycerate 
had no effect on the enzyme whatsoever (table 2). 
By contrast, the non-hydrolysable fl-T-CH2-ATP 
analogue produced an equivalent stabilisation to 
that obtained with ATP. 
Mercaptoethanol, magnesium or vanadate ions 
did not alter the effect obtained with ATP alone 
and all were without effect when added alone. 
GTP  and CTP also brought about a stabilisation i  
the activity of the enzyme (table 2). 
Previously, we have shown that cathepsin E 
from erythrocyte membranes i indistinguishable 
from the slow moving (aspartic) proteinase from 
gastric mucosa [1]. In further confirmation of this, 
directly comparable results were obtained with 
ATP for the restoration of the slow moving pro- 
Table 2 
Effect of various ligands on the catalytic rate constant (kcat) for 
the hydrolysis of Lys-Pro-Ile-Glu-Phe-Nph-Arg-Leu at pH 5.8 
by the cathepsin E from erythrocyte membranes 
Ligand Concentration kcat 
(mM) (s -1) 
None 6.25 - 0 
Adenosine 6.25 - 0 
'Tri-phosphate' 2.5 - 0 
ADP 6.25 - 0 
ATP 6.25 56 
B-y-CH2-ATP 6.25 54 
GTP 6.25 18 
CTP 6.25 39 
2,3 DPG 10.0 -0  
teinase to full activity at pH values above 5.0 (not 
shown). 
By contrast, cathepsin D (of human or rat 
origin) was unaffected by ATP when assayed 
against either of the two synthetic substrates. It 
was inactive at pH 5.8 in the absence of the ATP 
and inclusion of the nucleotide (to concentrations 
up to 15 mM) did not elevate the activity to 
measurable l vels. When [3H]casein was used as a 
substrate, the activities measured for cathepsin D 
were 6500 and 11000 cpm/h per/zg at pH 4.5 and 
3800 and 7200 at pH 5.8 in the absence and 
presence of (6.25 raM) ATP,  respectively. Thus, 
the effect of  ATP on cathepsin D is very small 
compared to that observed with cathepsin E and is 
clearly related to the nature of the substrate 
employed [11]. 
No information is available on the primary or 
tertiary structure of cathepsin E to facilitate 
molecular interpretation of this ATP effect. In the 
absence of ATP, the loss of activity observed 
above pH 5.0 is not due to autolysis of the enzyme 
but rather reflects the loss of one or more protons 
from the catalytic apparatus [1,14]. Thus, aspartic 
proteinases (or carboxyl or acid proteinases as they 
were formerly termed) are commonly considered 
to be constrained to operating under acidic condi- 
tions. However, as the present findings indicate, 
the presence of a ligand such as ATP can influence 
the expression of the cathepsin E activity con- 
siderably. The nucleotide does not appear to be ac- 
tivating the proteinase since the turnover numbers 
measured at pH values below 5.0 in the presence of 
ATP are not significantly increased over those 
determined in its absence (table 1). Furthermore, 
the inclusion of ATP at pH 5.8 restored the 
turnover number (table 1A) back only to the 
magnitude measured at the lower pH values. It 
might then be considered that ATP acts (in a long- 
range effect) in such a way as to maintain the en- 
zyme in its active conformation, thus suppressing 
dissociation of the proton(s) from the catalytic 
residues and prolonging the expression of the in- 
trinsic activity to higher pH values. Since this 
aspartic proteinase appears to have an intracellular 
(but non-lysosomal) localisation [5,6], it would 
seem worthy of further examination to investigate 
whether this enzyme can be provoked by ATP into 
playing a part in intracellular protein processing or 
breakdown. 
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